Flow cytometry together with SYBR green I and propidium iodide was used to study the effects of enrofloxacin, ciprofloxacin, gentamicin, chloramphenicol, oxytetracycline, and tylosin on four mycoplasma species. Inhibition of mycoplasma growth could be detected by as early as 3 h after the start of treatment. The strongest effect was observed with enrofloxacin-and ciprofloxacin-treated cells.
Contagious agalactia of small ruminants is a serious disease responsible for causing severe economic losses in goat and sheep farms throughout the world (3, 14) . It has four causal agents, Mycoplasma agalactiae, M. putrefaciens, M. capricolum subsp. capricolum, and M. mycoides subsps. mycoides large colony type (LC) (3), which cause a variety of clinical syndromes like mastitis, arthritis, keratoconjunctivitis, and, occasionally, abortion and respiratory disease (3, 14) . Contagious agalactia is currently controlled by vaccination and antimicrobial treatment. However, uncontrolled antimicrobial treatment is very common and can lead to the development of antimicrobial agent-resistant strains.
The efficacies of all antimicrobials are described in terms of MICs. Despite reservations about their clinical relevance, MICs are still generally considered the reference point for comparison and evaluation of the sensitivities of other tests (8) . Mycoplasmas are slowly growing and highly fastidious; and they do not produce turbidity in broth, nor do they grow on agar surfaces at levels sufficient for conventional antibacterial testing (8) .
Flow cytometry is a very powerful technique that makes it possible to study the morphological and physiological characteristics of individual cells and their distributions within large cell populations in a short period of time (1, 4, 6, 17) . It has wide-ranging clinical and experimental applications in investigations of eukaryotic cells and also looks very promising in the case of bacteria (4) . On the basis of these considerations, it is appropriate to attempt to apply this methodology to the assessment of the antibiotic susceptibilities of these four mycoplasma species because of their importance in disease and because of their increasing resistance to previously active antibiotics (7, 12, 18, 19 Ϫ1 , respectively, for ciprofloxacin; 1, 32, 64, and 8 l ml Ϫ1 , respectively, for gentamicin; 4, 4, 1, and 2 l ml Ϫ1 , respectively, for chloramphenicol; 0.25, 0.5, 0.25, and 0.25 l ml Ϫ1 , respectively, for oxytetracycline; and 0.06, 0.06, 0.03, and 0.06 l ml Ϫ1 , respectively, for tylosin. For flow cytometric analysis, the antibacterial agents were added to the pH medium at 0.125 time the MIC (1/8 MIC), the MIC (MIC), and eight times the MIC (8 MIC). A tube of each of the mycoplasma species without antibacterial agents was prepared as a positive control. All cultures were incubated at 37°C for 24 h; and at 0, 1, 3, 6, and 24 h, a 10-l sample was removed from each tube for flow cytometric analysis. The experiments were repeated three times on different days.
In parallel, in order to establish the regions in the flow cytometric analysis that corresponded to live and dead mycoplasma cells, M. mycoides subsp. mycoides LC cells were heat injured at 60°C for 1 h and used as a dead control, whereas an early-logarithmic-phase M. mycoides subsp. mycoides LC culture (24 h) was used as a live control.
Cells were stained (15 min at room temperature, in the dark)
with the cell-permeant double-stranded DNA fluorochrome SYBR green I (SYBR; Amresco) at a final concentration of the commercial stock solution of 1:10,000 (vol/vol) (neither the molecular weight nor the chemical formula was provided by the manufacturer) and/or with propidium iodide (PI; Sigma) at a final concentration of 10 g. SYBR stains the nucleic acids in all cells, while PI stains the nucleic acids in cells with damaged membranes.
Sample analysis was performed with a Coulter Epics Elite flow cytometer (Beckman Coulter Ltd., Luton, United Kingdom) equipped with an air-cooled 488-nm argon ion laser. Each cell was characterized by four optical parameters: sideangle scatter (SSC), forward-angle scatter (FSC), green fluorescence for SYBR (525 nm), and red fluorescence for PI (675 nm). Data were acquired on a four-decade logarithmic scale. Optical alignment was based on an optimized signal from Immuno-Check Epics alignment fluorospheres (Epics Divison). For absolute counts we used 5.5-m beads (Optoflow, Oslo, Norway) with a known concentration as the reference. The number of cells counted was then converted to the number of cells ml Ϫ1 . Data were collected with software supplied by Beckman Coulter and were further analyzed by using WinMDI software version 2.8 (Joseph Trotter, The Scripps Research Institute, La Jolla, CA).
In the preliminary experiments, SYBR and PI were shown to be effective for distinguishing between live and dead mycoplasma cells (Fig. 1) . Afterwards, the four mycoplasma species were incubated with different concentrations of the six antibacterial agents, and the extent of their growth was measured by flow cytometry. Total counts were obtained from the SYBRstained cells (Fig. 2) , and growth curves are shown in Fig. 3 . Antibacterial agents used at 8 MIC and MIC inhibited the growth of all mycoplasma species used in this study and gave very similar curves. The cultures treated with 1/8 MIC were able to grow, but in some cases a delay in growth (in the first hours of incubation) compared to that of the untreated control was observed (Fig. 3) . This result of this observation is that the earliest time that the antibacterial effects of the 8 MIC and MIC samples could be confirmed (compared to the definitive MIC results at 24 h) depended on the antibacterial agent and the mycoplasma species tested. Definitive MIC results were possible only at 24 h for M. agalactiae and M. mycoides subsp. mycoides LC with chloramphenicol and oxytetracycline, whereas definitive MIC results were possible at 6 h postincubation for M. agalactiae with enrofloxacin, ciprofloxacin, gentamicin, and tylosin; for M. putrefaciens with gentamicin and choramphenicol; for M. mycoides subsp. mycoides LC with gentamicin and tylosin; and for M. capricolum subsp. capricolum with gentamicin, chloramphenicol, and oxytetracycline. The rest of the assays gave definitive MIC results at just 3 h postincubation (Fig. 3) .
The results obtained by the traditional method were available only at 24 h postincubation, when a change of color of the medium was visible. At this stage, both methods gave the same result.
The flow cytometric analysis showed that enrofloxacin and ciprofloxacin not only inhibited mycoplasma growth (as was the case with the other antibacterial agents) but also reduced the total counts of mycoplasma cells ml Ϫ1 throughout the timematched samples (Fig. 3) . Figure 4 shows the histograms for the cells treated with 8 MIC of all the antibacterial agents in comparison with those for the control cells at 24 h. Fewer cells were counted in the samples with enrofloxacin and ciprofloxacin treatment, and the majority of these cells were located in the region defined as dead cells (Fig. 4, region R2 ). In contrast, it can be observed that for the rest of the antibacterial agents, the majority of the cells were always located in the region defined as live cells (Fig.  4, region R1) .
In the present study we did not test antibacterial susceptibility for long periods; it is possible that the cells that had not incorporated PI could become resistant to the antibacterial agents with time, because their growth may have been just reversibly inhibited.
In previous studies it has been concluded that quinolones and fluoroquinolones such as enrofloxacin and ciprofloxacin were mycoplasmacidal (2, 5, 9, 10) . This may explain why we obtained higher percentages of PI-stained cells with enrofloxacin and ciprofloxacin than with the other antibacterial agents that are known to be bacteriostatic (20) . However, we did not observe the same behavior in the cells treated with gentamicin, which is also known to be bactericidal. It has been reported that large changes in fluorescence intensity have been observed for several cell-impermeant dyes (PI, TO-PRO-1, and SYTO X) subsequent to the actions of ␤-lactam antibiotic, but smaller changes (or no change) were seen subsequent to exposure to antimicrobials acting directly or indirectly on nucleic acid synthesis in Escherichia coli (13) . It can be stated that the low level of incorporation of PI by the cells treated with some of the antibacterial agents, even at concentrations of 8 MIC, may indicate that a different pathway of membrane damage might be involved in making cells permeable to the dye (15) .
On the basis of these results, enrofloxacin (which is currently used in the veterinary field) and ciprofloxacin (which is currently available for human use only) would appear to be the antimicrobials of choice, although concerns have been expressed about the use of new quinolones in the veterinary field (16) . Furthermore, it could also be implied that the use of mycoplasmastatic antimicrobials might increase the onset of antimicrobial resistance (12) and should be avoided.
The major advantage of this flow cytometry-based method is the possibility of knowing in nearly real time how the cells are responding to each treatment, although the minimal time re- quired for the confirmation of growth inhibition depends on the growth rates of the different mycoplasma species and the antibacterial agent tested. However, the flow cytometric approach will always give a quicker result than the traditional methods, since the latter are dependent on a change of color of the medium or turbidity, which occurs only when a certain amount of microorganisms are present (in this case, it took 1 day). Furthermore, this method may also be useful for the identification of populations that are resistant to the antibacterial agent, allowing their isolation and study of resistance mechanisms, which will inform drug choice.
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